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DETAILED ACTION 

1 . Claims 1 -25 are pending in the instant application. 

Claim Objections 

2. Regarding claim 1, "said bits" of line 6, "said bit" of line 9, and "said demodulated 
signal" of line 9 are lacking antecedent basis in the claim. 

Response to Arguments/Amendments 

3. Applicant's arguments filed April 22, 2004 have been fully considered but they 
are not persuasive. The Applicant has made amendments to the claims which are 
addressed below in the prior art rejections. 

Regarding the Applicant's arguments related to a "measure of the center of 
gravity", the Examiner asserts that the prior art reference Harada et al (US 61 15435) 
indeed clearly discloses a "measure" of the center of gravity. For instance, according to 
figure 5 and the associated discussion on column 4 lines 2-11, there is a "measure" of 
the center of gravity used in the bit decisions. The specification of Harada et al 
discloses that according to the position of the demodulated multilevel signal (signal a), 
the reliability measure for bit y1 is 2 and the reliability measure for bit yO is 6. These 
values are known by the system of Harada et al to have a position with respect to the 
center of gravity as shown in figure 5. The system inherently uses the reliability 
measures in reference to the center of gravity (approx. [4, 4] in figure 5) of the 
constellation vector pair or pairs to demodulate the signals into bit decisions. Because 
the center of gravity [4, 4] divides the constellation area into separate areas whereby 
proximity is closer to one constellation vector respective to another constellation vector, 
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there is a measure of the center of gravity used in the derivation of the reliability 
measure. Therefore, it is inherent, according to the figures and disclosure of Harada et 
al, that a measure of the center of gravity must necessarily be attributed in the definition 
of the reliability measure. 

Regarding the Applicant's arguments over the prior art rejection of claims 23-25 
as being anticipated by Viterbi et al, it is noted by the Examiner that the Applicant did 
not properly respond to the art rejection set forth in the first office action. The Applicant 
merely stated that the prior art reference did not meet the limitations of the claims 
because it failed to show the limitations of the claims. No discussion was presented by 
the Applicant regarding why or how the prior art reference et al did not anticipate the 
claim limitations. 

Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

(e) the invention was described in (1 ) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

5. Claims 1-16 are rejected under 35 U.S.C. 102(e) as being clearly anticipated by 
Harada et al (6115435). 



Application/Control Number: 09/614,784 Page 4 

Art Unit: 2634 

Regarding claim 1, Harada et al discloses a method of demodulating a multilevel 
signal comprising the steps of assigning values to bits representing a multilevel 
demodulated signal, identifying at least two signal constellation vectors proximate to 
said multilevel signal if said bits occupy bit positions corresponding to a pair of bit 
positions of said at least two constellation vectors occupied by bits of non-varying 
values, and determining a reliability measure for at least one other said bit of said 
demodulated signal if said at least one other said bit occupies a bit position of said at 
least two constellation vectors occupied by a bit of a varying value, wherein said 
reliability measure is based upon a measure of the center of gravity of said two signal 
constellation vectors. Harada et al discloses a method of demodulating multilevel QAM 
signals (fig. 4; col. 1 , line 55). Values are assigned to bits representing the 
demodulated signal (fig. 4, ref. a-c) according to the non-varying points of the 
constellation vectors (col. 4, lines 4-7), and measures of reliability are made for the 
varying points of the constellation vectors (col. 4, lines 7-1 1 ). At least one (four in the 
case of signal point "a" of figure 4 - shown in detail in figure 5) signal constellation 
vectors proximate to the multilevel signal are identified, and a reliability measure of the 
demodulated bit is found for the bits of varying points among the constellation vectors. 
Note the constellation vectors of signal "a" in figure 4 referenced by their four bit binary 
values (ref. "0010", "0000", "001 1, and "0001"). A reliability measure is taken depending 
on the neighborhood that the demodulated bit occupies (col. 1, line 48; col. 3, line 63). 
For instance, according to figure 5 and the associated discussion on column 4 lines 2- 
1 1 , there is a "measure" of the center of gravity used in the bit decisions. The identified 
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at least two (four in the example of signal point "a") constellation vectors proximate to 
signal "a" of figure 5 are constellations "0010", "0000", "001 1, and "0001", and the bits of 
non-varying values are bits y2 and y3 (the two MSB's). The specification of Harada et 
al discloses that according to the position of the demodulated multilevel signal (signal 
"a"), the reliability measure for bit y1 is 2 and the reliability measure for bit yO is 6. 

Regarding claim 2, Harada et al discloses the limitations of claim 1 as applied 
above. Further, Harada et al discloses the step of identifying at least one signal 
constellation vector proximate to said multilevel signal comprising the steps of 
determining a first and second phase component of the multilevel signal, identifying a 
constellation vector having a first and a second phase component of maximized 
absolute value but not exceeding an absolute value of the components of the multilevel 
signal, identifying any constellation vector having one phase component of maximized 
value but not exceeding the value of the corresponding component of the multilevel 
signal and another phase component of minimized absolute value but not less that the 
corresponding component of the multilevel signal, and identifying any constellation 
vector having phase components of minimized absolute value but not less than the 
corresponding components of the multilevel signal. Note the several neighborhoods 
(ref. A-Y) that may are shown in figure 4 depending on the bit representing the 
multilevel signal and the constellation vectors (ref. "1000", "1010",...). The appropriate 
constellation vector(s) and neighborhood are identified by determining the phase 
components of the bit representing the multilevel signal (ref. a-c), and then choosing the 
constellation vectors according to the bit as described by the limitations of the claim 
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above and shown in figure 4. A description of the choice of the constellation vectors is 
provided (col. 3, line 62). 

Regarding claim 3, Harada et al discloses the limitations of claims 1 and 2 as 
applied above. Harada et al also discloses the method of claim 2 further comprising the 
step of identifying a center of gravity equal distant from the proximate constellation 
vectors and having first and second center of gravity phase coordinates. Figures 5-7 
show the identification of a different center of gravity for various neighborhoods. Figure 
5 shows a center of gravity having first and second phase coordinates (intersection of 
soft decision axes) for the neighborhood "I" in Figure 4. 

Regarding claim 4, Harada et al has disclosed the limitations of claim 3 as 
applied above. Harada et al also discloses that the measure of reliability is a function of 
the difference between at least one of the first and second phase components of a bit 
representing the multilevel signal and the center of gravity phase coordinates (fig. 5; col. 
4, line 3). 

Regarding claim 5, Harada et al discloses a method of demodulating a multilevel 
signal comprising the steps of: identifying a neighborhood of a signal constellation in 
proximity to said multilevel signal, said neighborhood defined by a set of at least one 
constellation signal; assigning a hard decision value to a bit of said demodulated signal 
if it occupies a bit position corresponding to a constant bit value; determining a measure 
of a center of gravity of said neighborhood; and assigning a value and reliability 
measure to a demodulated signal bit if it occupies a position having a variable bit value. 
Figure 4 shows the definitions of various neighborhoods depending on the demodulated 



Application/Control Number: 09/614,784 Page 7 

Art Unit: 2634 

bit. The demodulated signal "a" of figure 4 has a corresponding neighborhood "I" 
defined by a set of constellation vectors "0010", "0000", "001 1", and "0001". Likewise, 
the demodulated signal "c" of figure 4 has a corresponding neighborhood "K" defined by 
a set of constellation vectors "1001", and "1 101". A hard decision or absolute decision 
is made for bit(s) of the demodulated signal that are constant for a particular 
neighborhood. It is recited that the bits "y3" and "y2" of the demodulated signal "a" of 
figure 4 are found by hard decision to be both "0" (col. 4, line 3). A center of gravity is 
determined for the neighborhood. For the neighborhood "I" of figure 4, the determined 
center of gravity is shown in figure 5 (col. 4, line 1 1 ). A value and a reliability measure 
is assigned to the bits of a neighborhood that are of a varying value. For the 
demodulated signal "a" of figure 4, a reliability measure for bits "y1" and "yO" is obtained 
for each since the bits are varying within the neighborhood "I" (col. 4, line 7). A value is 
assigned to any bits of varying values within a neighborhood using the reliability 
measure (col. 7, line 31). 

Regarding claim 6, Harada et al discloses the limitations of claim 5 as applied 
above. Harada et al further discloses that the reliability measure is a function of a 
relative position of the multilevel signal and a center of gravity of a neighborhood. 
Figure 5 shows the demodulated signal "a" and the reliability measure being a function 
of the relative position of the demodulated signal "a" and the center of gravity 
(intersection of axes) of the neighborhood (col. 4, line 7). 

Regarding claim 7, Harada et al discloses the limitations of claim 5 as applied 
above. Harada et al further discloses that the reliability measure is a distance between 
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a multilevel signal and a center of gravity of a neighborhood (fig. 5; col. 4, line 7). It is 

inherent that the reliability measure is directly related to a distance between a multilevel 
signal and a center of gravity of the neighborhood because it is the center of gravity of 
the neighborhood which the reliability measure is measured against for reliability. For 
example, the closer the measure of reliability is according to the center of gravity of the 
neighborhood, the less "reliable" the measure is. This is inherent according to the 
neighborhood figures as shown (figs. 5-7). 

Regarding claim 8, Harada et al discloses the limitations of claim 5 as applied 
above. Harada et al further discloses that the reliability measure comprises a difference 
between a quadrature component of a multilevel signal and a quadrature component of 
a center of gravity of a neighborhood (fig. 5; col. 4, line 7). 

Regarding claim 9, Harada et al discloses the limitations of claim 5 as applied 
above. Harada et al further discloses that the reliability measure comprises a difference 
between an in-phase component of a multilevel signal and an in-phase component of a 
center of gravity of a neighborhood (fig. 5; col. 4, line 7). 

Regarding claim 10, Harada et al discloses a method of demodulating a signal 
comprising: acquiring the multilevel modulated signal; locating said acquired multilevel 
signal relative to a constellation of signal vectors being represented by a plurality of bits; 
identifying a plurality of signal vectors defining a neighborhood of the constellation 
nearest the acquired signal; determining a measure of a center of gravity of the 
neighborhood; assigning a hard decision value to a bit representing the acquired 
multilevel signal if a corresponding bit is constant for the signal within the defining 
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neighborhood; and assigning a soft decision value and a measure of reliability of a bit 
representing the acquired multilevel signal if a corresponding bit is varying for the signal 
within the defining neighborhood. Figure 4 shows various acquired multilevel signals 
(ref. a-c) and it shows a plurality of signal vectors each being represented by a plurality 
of bits. For instance, the neighborhood "A" of figure 4 is defined by the signal vector 
represented by the plurality of bits "1000". Figure 4 also shows the identification of a 
neighborhood ("I") defined by a plurality of signal vectors nearest the acquired signal 
("a"). Bit values are defined by a hard decision for any bits of an acquired signal that 
are constant within a corresponding neighborhood (col. 4, line 3). Bit values and a 
reliability measure are defined by a soft decision of any bits of an acquired signal that 
are varying within a corresponding neighborhood (col. 4, line 7; col. 7, line 31). 
According to figure 5 and the associated discussion on column 4 lines 2-11, there is a 
"measure" of the center of gravity used in the bit decisions. The identified at least two 
(four in the example of signal point "a") constellation vectors proximate to signal "a" of 
figure 5 are constellations "0010", "0000", "001 1 , and "0001", and the bits of non-varying 
values are bits y2 and y3 (the two MSB's). The specification of Harada et al discloses 
that according to the position of the demodulated multilevel signal (signal "a"), the 
reliability measure for bit y1 is 2 and the reliability measure for bit yO is 6. Therefore, 
the closer the measure of reliability is according to the center of gravity of the 
neighborhood, the less "reliable" the measure is. This is inherent according to the 
neighborhood figures as shown (figs. 5-7). 
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Regarding claim 1 1 , Harada et al discloses the limitations of claim 10 as applied 
above. Harada et al further discloses assigning a value to a bit representing an 
acquired multilevel signal if its corresponding neighborhood is defined by a single 
vector. The neighborhood "E" of figure 4 is defined by a single vector represented by 
the bits "0000". Harada et al discloses that an acquired signal that has a corresponding 
neighborhood represented by "E" of figure 4 would be assigned a bit value "0000" by 
hard decision (col. 4, line 28). 

Regarding claim 12, Harada et al discloses the limitations of claim 10 as applied 
above. Harada et al further discloses the reliability measure being a function of a 
relative position of an acquired multilevel signal and the center of gravity of the 
neighborhood. Figure 5 shows how the reliability measure is a function of the relative 
position of the acquired signal "a" and the center of gravity (center of axes) and it is 
also described (col. 4, line 7). 

Regarding claim 13, Harada et al discloses the limitations of claim 10 as applied 
above. Harada et al further discloses the reliability measure being distance between an 
acquired multilevel signal and the center of gravity of the neighborhood. Figure 5 shows 
how the reliability measure is a distance between the position of the acquired signal "a" 
and the center of gravity (center of axes) and it is also described (col. 4, line 7). 

Regarding claim 14, Harada et al discloses the limitations of claim 10 as applied 
above. Harada et al further discloses that the reliability measure comprises a difference 
between a quadrature component of a multilevel signal and a quadrature component of 
a center of gravity of a neighborhood (fig. 5; col. 4, line 7). 
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Regarding claim 15, Harada et al discloses the limitations of claim 10 as applied 
above. Harada et al further discloses that the reliability measure comprises a difference 
between an in-phase component of a multilevel signal and an in-phase component of a 
center of gravity of a neighborhood (fig. 5; col. 4, line 7). 

Regarding claim 16, Harada et al discloses the limitations of claim 10 as applied 
above. Harada et al further shows the constellation of signals vectors in figure 4 
ordered according to gray code. 

6. Claims 23-25 are rejected under 35 U.S.C. 1 02(b) as being anticipated by Viterbi 
et al (IEEE Transactions on communications, Vol. 41, No. 4, April 1993). 

Regarding claim 23, Viterbi et al discloses a method of demodulating a multilevel 
signal comprising limiting a measure of reliability to a predetermined range (pg. 562, col. 
2, line 7) and providing a soft decision value to bits of the demodulated signal 
associated a measure of reliability having values not exceeding a limiting value of the 
range (pg. 561, col. 2, line 8). 

Regarding claim 24, Viterbi et al discloses a method of demodulating a multilevel 
signal comprising limiting a measure of reliability to a predetermined range and 
providing a soft decision value to bits of the demodulated signal associated a measure 
of reliability having values not exceeding a limiting value of the range as applied to claim 
23 above. Viterbi et al further discloses the measure of reliability being a log likelihood 
ratio (pg. 562, col. 1, line 12). 

Regarding claim 25, Viterbi et al discloses a method of demodulating a multilevel 
signal comprising limiting a measure of reliability to a predetermined range and 
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providing a soft decision value to bits of the demodulated signal associated a measure 
of reliability having values not exceeding a limiting value of the range as applied to claim 
23 above. Viterbi et al further discloses that the limiting range is equivalent to a number 
of bit demodulated with a soft decision (pg. 562, col. 2, line 7). 

Claim Rejections - 35 USC § 103 

7. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

8. Claims 1 7-22 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Harada et al in view of Viterbi et al. 

Regarding claim 17, Harada et al discloses a method of demodulating a 
multilevel signal using a Viterbi decoder (fig. 14, ref 341 ; col. 7, line 31). Harada et al 
does not disclose the Viterbi decoder comparing the reliability of at least two bits of the 
demodulated signal, assigning a hard decision to a bit associated with a greater 
reliability, and assigning a soft decision to a bit associated with a lesser reliability. 
However, Viterbi et al discloses a decoder that compares the reliability of at least two 
bits, assigns hard decision values to bits associated with greater reliability, and assigns 
soft decision values to bits associated with lesser reliability depending on their log 
likelihood ratio (pg. 561, col. 1, III. Signal Statistics, Metric Calculation, and Soft 
Decoder Performance). Therefore, it would have been obvious to one having ordinary 
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skill in the art at the time the invention was made to utilize the Viterbi decoder of the 
exemplary description by Viterbi et al for the Viterbi decoder shown by Harada et al. 

Regarding claim 18, Harada et al in view of Viterbi et al disclose a method of 
demodulating a multilevel signal comprising comparing the reliability of at least two bits 
of the signal, assigning a hard decision value to a bit associated with a greater 
reliability, and assigning a soft decision value to a bit associated with lesser reliability as 
applied to claim 17 above. Viterbi et al further discloses that the reliability is measured 
by a log likelihood ratio (pg. 562, col. 1, line 13). 

Regarding claim 19, Harada et al in view of Viterbi et al disclose a method of 
demodulating a multilevel signal comprising comparing the reliability of at least two bits 
of the signal, assigning a hard decision value to a bit associated with a greater 
reliability, and assigning a soft decision value to a bit associated with lesser reliability as 
applied to claim 17 above. Harada et al further discloses the steps of assigning a soft 
decision value to bits of the demodulated multilevel signal comprising assigning a value 
to the bit (col. 7, line 31) and assigning a measure of reliability to the bit (col. 4, line 7). 

Regarding claim 20, Harada et al in view of Viterbi et al discloses the limitations 
of claim 19 as applied above. Further, Viterbi et al discloses that the measure of 
reliability is a log likelihood ratio (pg. 562, col. 1, line 13). 

Regarding claim 21 , Harada et al in view of Viterbi et al discloses the limitations 
of claim 17 as applied above. Viterbi et al further discloses the limiting the measure of 
reliability to a predetermined range (pg. 562, col. 2, line 7) and providing a soft decision 
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value to bits of the demodulated multilevel signal associated a measure of reliability 
having values not exceeding a limiting value of the range (pg. 562, col. 1-2). 

Regarding claim 22, Harada et al in view of Viterbi et al discloses the limitations 
of claim 21 as applied above. Viterbi et al further discloses that the limiting value of the 
range is equivalent to the number of bits demodulated with a soft decision (pg. 562, col. 

Allowable Subject Matter 

9. No claims are allowed. 

Conclusion 

10. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 
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1 1 . Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jason M Perilla whose telephone number is (703) 305- 
0374. The examiner can normally be reached on M-F 8-5 EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Steven Chin can be reached on (703) 305-4714. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). 




Jason M. Perilla 
June 21, 2004 
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